Purpose: The justification for partial breast radiotherapy after breast conservation surgery assumes that ipsilateral breast tumor relapses (IBTR) outside the index quadrant are mostly new primary (NP) tumors that develop despite radiotherapy. We tested the hypothesis that whole-breast radiotherapy (WBRT) is ineffective in preventing NP by comparing development rates in irradiated and contralateral breasts after tumor excision and WBRT. Methods and Materials: We retrospectively reviewed 1,410 women with breast cancer who were entered into a prospective randomized trial of radiotherapy fractionation and monitored annually for ipsilateral breast tumor relapses (IBTR) and contralateral breast cancer (CLBC). Cases of IBTR were classified into local recurrence (LR) or NP tumors based on location and histology and were subdivided as definite or likely depending on clinical data. Rates of ipsilateral NP and CLBC were compared over a 15-year period of follow-up. Results: At a median follow-up of 10.1 years, there were 150 documented cases of IBTR: 118 (79%) cases were definite or likely LR; 27 (18%) cases were definite or likely NP; and 5 (3%) cases could not be classified. There were 71 cases of CLBC. The crude proportion of definite-plus-likely NP was 1.9% (27/1,410) patients compared with 5% (71/1,410) CLBC patients. Cumulative incidence rates at 5, 10, and 15 years were 0.8%, 2.0%, and 3.5%, respectively, for definite-plus-likely NP and 2.4%, 5.8%, and 7.9%, respectively for CLBC, suggesting a difference in the rates of NP and CLBC. Conclusions: This analysis suggests that WBRT reduces the rate of ipsilateral NP tumors. The late presentation of NP has implications for the reporting of trials that are testing partial breast radiotherapy. Ó 2011 Elsevier Inc.
INTRODUCTION
The rationale for partial breast radiotherapy (PBRT) after breast conservation surgery for early breast cancer includes the assumption that most ipsilateral breast tumor relapses (IBTR) developing outside the index quadrant are new primary (NP) tumors that are not prevented by radiotherapy (1) (2) (3) . Several phase I and II studies evaluating accelerated PBRT have reported promising early results, with few local tumor relapses, while maintaining excellent cosmetic outcomes and minimum toxicity (4) (5) (6) (7) . Currently, PBRT for early breast cancer is being investigated in several phase III randomized studies (8) (9) (10) (11) (12) . However, evidence that wholebreast radiotherapy (WBRT) has little or no effect on the rate of ipsilateral NP tumors is not particularly robust, and a number of recent retrospective studies with long followup periods suggest a significant therapeutic effect (13) (14) (15) (16) . In order to test for such an effect, it is necessary to apply criteria that distinguish between local recurrences (LR) and NP tumors. The purpose of this study was to test the hypothesis that WBRT reduces the rate of ipsilateral NP, which otherwise occur at a rate comparable to that of contralateral breast cancer (CLBC). The research plan involved (i) classifying IBTR in breast cancer patients treated with breast-conserving therapy as LR or NP tumors based on location and histology of the relapse relative to that of the primary tumour and (ii) comparing the rates of ipsilateral NP with that in the opposite breast.
METHODS AND MATERIALS

Study design
A retrospective review was undertaken of the medical records of women with early breast cancer treated with conservative surgery and WBRT at the Royal Marsden Hospital and Gloucestershire Oncology Centre between 1986 and 1998 in the context of a prospective randomized trial of radiotherapy fractionation (17, 18) . The original trial was approved by the local ethics committees, and this review was approved by the audit committee at the Royal Marsden NHS Foundation Trust.
Original trial
The aim of the original study was to test the effects of radiotherapy fractions of >2 Gy on late normal tissue responses after tumour excision and WBRT. Patients under 75 years of age at presentation with operable invasive breast cancer (T1-T3 N0-N1 M0) requiring radiotherapy were eligible for the original clinical trial if they had breast-conserving surgery and complete macroscopic resection of invasive carcinoma.
Patients were randomized to three alternative dose schedules (50 Gy in 25 fractions over 5 weeks [control] , 42.9 Gy in 13 fractions five times per fortnight over 5 weeks, and 39 Gy in 15 fractions five times per fortnight over 5 weeks) at a ratio of 1:1:1. Patients were stratified by treatment centre and by whether microscopic foci of invasive disease was present at or <3 mm to the nearest surgical margin. Recommendations for adjuvant systemic therapy were not specified in the protocol and developed over the accrual period according to changes in routine local practice. Patient cases were reviewed at 3-month intervals for the first 3 years, 6-month intervals to 5 years, and annually thereafter. Physician assessments were prospectively recorded annually on a trial pro forma report. IBTR was recorded onto the pro forma report pictorially to show the quadrant of relapse in relation to the location of the original tumour. Histology of the relapse was also recorded on the pro forma record if available. CLBC and metastases were also recorded prospectively. Patients were followed up routinely biannually for the first 5 years with annual mammography and yearly thereafter with biennial mammography.
The primary endpoint was late change in breast appearance compared to postsurgical appearance. Secondary endpoints included palpable breast induration (fibrosis) and ipsilateral tumour recurrence.
Classification of ipsilateral relapse
For the present study, trial case report forms of all patients recorded were reviewed as having local relapse. All patients with an IBTR were identified, and a further review of clinical, mammographic, and pathology data was undertaken to classify relapses as either LR or NP. Metastatic disease at time of local relapse was also recorded. We considered only the first local relapse in patients who developed more than one ipsilateral relapse. Demographic and clinical data of each patient with an IBTR were recorded. These data included patient's age at randomization, tumour size and location at original diagnosis, nodal status at original diagnosis, histology of original tumour and of relapse, resection margin status of original tumour (complete, marginal, incomplete, or unknown) estrogen and progesterone receptor status (if available), adjuvant chemotherapy and/or hormonal therapy, location of relapse relative to primary tumour bed, and method of detection of original tumour and relapse. The location of the original tumour and the relapse was determined by review of radiotherapy records and surgical and clinical notes. Radiotherapy and follow-up data were also recorded.
After clinical and pathological data were reviewed, IBTR was classified as either NP or LR, and each category was subclassified as ''definite'' or ''likely'', depending on the strength of the collated evidence. An IBTR was classified as definite LR if it presented in the same quadrant as the original primary, determined to be the same histological type, and was the same or higher grade. IBTR was classified as definite NP if it was of a different histological type, a lower grade, and located in a different quadrant than the original primary. Tumour grade was incorporated into histological type. IBTR was classified as likely LR or likely NP based on the available evidence when any of the above data were incomplete or inconclusive. IBTR were classified as unknown if there was no information on location and histology.
The number of CLBC was recorded from the trial data, as each CLBC was recorded prospectively onto the case report form.
Statistical analysis
Descriptive statistics were used for patient and tumour characteristics. Survival analysis methods were used to analyze the events (LR, NP, and CLBC). Time to event was calculated as the time from randomization to first occurrence of the event. For the analysis of time to each event, patients who were event-free by the time of analysis or dead or lost to follow-up prior to the event were censored. In addition, for the analysis of time to NP, patients who were diagnosed with LR prior to NP were also censored as it was thought that an LR could potentially preclude or alter the probability of observing an NP. Likewise, the NP was treated as a competing risk for LR. Cumulative incidence rates with 95% confidence intervals (CI) were estimated for CLBC, using the Kaplan-Meier method, and for LR and NP, using a method accounting for the competing risk (19) . Data analyses were performed using Stata version 10.1 software.
RESULTS
All 1,410 women randomized into the radiotherapy fractionation trial between 1986 and 1998 were considered for the study. Baseline characteristics have been described previously (17) and are summarized in Table 1 . The median follow-up was 10.1 years and 1,176 (99.0%), 534 (53.4%), and 69 (9.9%) patients were still on follow-up at 5, 10, and 15 years, respectively.
There were 150 documented cases of IBTR and 71 cases of CLBC. The median age at randomization of women who developed IBTR was 50 years (interquartile range [IQR], 42-58 years). The median time to relapse from randomization was 41 months (IQR, 24-70 months). Fifty-nine (39%) patients had metastatic disease at the time of IBTR, of whom 39/59 (66%) patients had definite or likely LR. The classification of IBTR was as follows: definite LR, 85 (57%) patients; likely LR, 33(22%) patients; definite NP, 12 (8%) patients; likely NP, 15 (10%) patients; and unknown, 5 (3%) patients ( Table 2) . The data on which 150 IBTR were classified as definite or likely, LR or NP, is illustrated in Fig. 1 . Cumulative incidence rates at 5, 10, and 15 years were 6.7, 8.9, and 11.8, for all LR, 0.8, 2.0, and 3.5 for all NP, and 2.4, 5.8, and 7.9 for CLBC, respectively ( Table 3) .
The median (IQR) age at randomization of women who developed CLBC was 55 (range, 45-61) years. Fifteen cases of CLBC also had IBTR (definite LR, 8 likely; LR, 4; definite NP, 1; likely NP, 2). The number of CLBC (71 cases) was at least two and a half times the number of ipsilateral NP (12 definite plus 15 likely). Even if all 33 likely LR cases were counted as NP, the total (60 cases) was still less than the number of CLBC. Figures 2 and 3 illustrate the cumulative incidence rates for definite NP, definite-plus-likely NP and CLBC. The inference is that radiation has reduced the number of ipsilateral NP tumors.
DISCUSSION
This study is based on breast-conserving surgery and WBRT associated with a 10-year Kaplan-Meier event rate of IBTR of 12%, which is consistent with that of other contemporary series (20, 21) . The number of ipsilateral NP was less than half the number of CLBC (27 compared to 71). It is not possible to explain the discrepancy in terms of a smaller volume of ipsilateral breast tissue at risk following primary surgery (where we would expect the reduction in breast tissue to be around 10% to 25%) nor in terms of misclassification of NP. The only plausible explanation is that WBRT has a protective effect against NP tumors.
The 5-year risk of IBTR after breast-preserving surgery has previously been reported as 5 to 10% (15, 22) , corresponding to an annual risk of 1 to 2% (15) . Several studies have attempted to differentiate between true recurrences and new primaries (20, (23) (24) (25) , from which common themes are apparent: the majority of IBTR are LR, which tend to occur earlier, metastasize earlier and more often, and have a shorter overall and disease-free survival than NP. In our series, 59 (39%) patients had metastatic disease at relapse, of whom 39/59 (66%) patients had LR, consistent with the reported association between LR and risk of distant relapse (21, 26) . In addition, NP is associated more often than LR in the literature with contralateral breast cancer. The median times to relapse for cases of definite and likely LR (37 and 35 months, respectively) in our series were also shorter than for definite and likely NP (86 and 63 months, respectively), in keeping with results from previous series (20, (23) (24) (25) and supporting our attributions of IBTR.
The number of CLBC events was 71 (5%), corresponding to an annual rate of 0.56% (71/1,2766.56 women years Â 100). Although this rate is influenced by patient age and adjuvant endocrine therapies, it is comparable to published rates of 0.5% to 1% per year in other series (27, 28) and independent of the type of primary surgery (29, 30) . Where under-reporting is considered a potential source of bias, CLBC is probably more likely to be under-reported in trial datasets than IBTR, so this is unlikely to account for the excess of CLBC compared to ipsilateral NP. Although adjuvant systemic therapies, including endocrine and cytotoxic therapies, reduce the incidence of new primary tumors (14, 31) , there is no a priori reason to think that this effect will be greater on the ipsilateral than on the contralateral breast. Finally, although the risk of CLBC is increased after radiotherapy, there is no reason to believe that this risk is proportionately greater than the risk of radiation-induced cancers in the ipsilateral breast. The data generated in this study are consistent with a recent retrospective analysis of 1,990 women with early breast cancer treated with conservative surgery and whole-breast irradiation and followed for a median 6.6 (range, 0.1-20.4) years (13) . The 15-year rate of ipsilateral NP was half the rate of contralateral breast cancers (6% [95% CI, 3%-9%] versus 13% (95% CI, 10%-16%), respectively). Our rate of 3.5% (95% CI, 2.1%-5.4%) for definite-plus-likely NP at 15 years was less than half the rate of CLBC (7.9% [95% CI, 5.9%-10.4%]), in keeping with that study's findings. Other studies 
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Likely LR Likely NP Unknown Likely LR Definite LR Likely NP Definite NP Likely LR Fig. 1 . Basis for classification of IBTR. have reported similar relative rates of NP and CLBC (20, 22 (22) reported similar NP and CLBC rates in 579 women treated with quadrantectomy and randomized to receive breast radiotherapy or not. However, the absolute numbers of NP and CLBC reported were small (10 and 22 patients, respectively). The similarity in NP and CLBC rates was noted in the group of patients treated with quadrantectomy without radiotherapy (n = 273 patients). In the group of women who received radiotherapy after quadrantectomy (n = 294), there were 2 NP events and 10 CLBC events, corresponding to 2/294 (0.6%) and 10/294 (3.4%) patients, respectively. This is more in keeping with our findings and consistent with a radiotherapy effect against NP. In the group not treated with radiotherapy, NP and CLBC rates were 2.9% (8/273) and 4.4% (12/273), respectively. An earlier study by Veronesi et al. (32) reported 19 NP and 45 CLBC events in 1,232 cases of early breast cancer treated with breast-conserving surgery and radiotherapy (1.5% and 3.7%, respectively), also in keeping with our results.
It is important to note that the analytical methods employed by these studies did not account for competing risks, which could make a difference as the competing risk event rates in their cases were higher. Our approach took into consideration competing risks, although, ultimately, a big difference compared to the Kaplan-Meier approach was not noted as the competing risk event rate was very low.
Assuming completeness of reporting IBTR and CLBC, the only way our analysis leads to a wrong conclusion is if a substantial proportion of ipsilateral LR cases have been misclassified. It would require all 33 likely LR to be reclassified as NP and added to the total of 12 definite and 15 likely NP. Years from randomisation Even then, there would be 11 fewer NP than CLBC, a discrepancy that might be explained by the loss of breast tissue due to primary surgery and/or misclassification of a minority of definite LR. In future studies, molecular analyses may help identify the subset of IBTR that are NP on the basis of clonal differences. There have already been some clone studies looking at IBTR, ipsilateral relapses, and distant metastases and the relationships between them (33, 34) . Meanwhile, it is fair to say that there is fairly strong evidence that what we currently classify as NP are responsive to radiotherapy.
CONCLUSIONS
This study suggests that WBRT after breast-conserving surgery for early breast cancer reduces the rate of ipsilateral NP tumors. If true, the results from this study lead to a prediction that current trials of PBRT will eventually record higher rates of IBTR after partial-breast than after whole-breast RT. Longer follow-up and robust classification of IBTR cases into LR and NP tumors are required to reflect the true rate of NP tumors.
